Although distress tolerance (DT) is associated with smoking lapse and relapse outcomes, few studies have conducted a rigorous assessment of DT across domain and method in the context of acute abstinence. In a human laboratory-based study of 106 adult daily smokers, we examined between multiple indices of DT and smoking lapse, withdrawal processes, and motivation to quit. We expected that low DT would be associated with shorter latency to smoke, greater withdrawal severity, and lower motivation to quit. Following a smoking abstinence period (Ն6 hr deprived), participants completed an assessment battery including both behavioral (mirror-tracing, serial addition, cold pressor, and breathholding tasks) and self-report measures of DT (general and smoking-specific), withdrawal processes (craving, negative affect, and positive affect), and motivation to quit. Latency to smoke (range ϭ 0 -50 min) was assessed in a laboratory analogue task in which delaying smoking was monetarily rewarded. Behavioral and self-report DT indices displayed only modest intercorrelations, indicating different facets of this construct by domain and method of assessment. Tolerance of physical pain was uniquely associated with smoking choice. Both self-report DT measures were associated with abstinence-induced increases in negative affect, while only smoking-specific DT was positively associated with craving. Results are discussed within the context of guiding targeted behavioral interventions.
this discomfort. The ability to withstand this discomfort is indexed by distress tolerance (DT), or the ability to tolerate negative physical and emotional states (Brown, Lejuez, Kahler, & Strong, 2002; McHugh & Otto, 2012) .
Low DT is thought to amplify the affect-enhancing properties of smoking, promote progression from initial use to smoking maintenance and nicotine dependence, and inhibit cessation success, particularly early in the course of a quit attempt (Brown, Lejuez, Kahler, Strong, & Zvolensky, 2005; Leventhal & Zvolensky, 2015) . DT can be indexed by either the perceived capacity of tolerating distressing states, or the behavioral act of task persistence while distressed (Leyro, Zvolensky, & Bernstein, 2010) . There is typically low concordance between the two assessment methods (Kiselica, Rojas, Bornovalova, & Dube, 2015; Sirota, Rohsenow, Dolan, Martin, & Kahler, 2013) , reflecting a discrepancy between perception of a general trait and actual behavior on a specific task.
With regard to cigarette smoking, specific relations with DT differ based on how it is assessed, and which domain of distress is examined. Behavioral DT measures index the ability to withstand various forms of specific distress, such as respiratory distress, psychological distress or frustration, and physical pain. First, tolerance of respiratory distress-indexed by breath-holding and/or carbon dioxide-enriched air tolerance tasks-has been associated with shorter duration of past abstinence (Brown et al., 2002) ; time to lapse during a laboratorybased analogue task (Kahler, McHugh, Metrik, Spillane, & Rohsenow, 2013) ; greater lapse risk, urge to smoke, and negative affect on quit day (Abrantes et al., 2008) ; smoking abstinence at end-oftreatment (Hajek, Belcher, & Stapleton, 1987) ; and greater relapse risk through 1-month postquit (Brown et al., 2009 ). Second, low psychological DT-indexed by the Mirror-Tracing Persistence Task, the Paced Auditory Serial Addition Test, or both-is associated with greater nicotine dependence (Brandon et al., 2003) and shorter duration of past abstinence (Brown et al., 2002) . Psychological DT was found to interact with daily hassles to predict greater craving among those with low DT (Volz et al., 2014) . Further, in three prospective studies, psychological DT was negatively associated with (a) time to lapse in the first 6 days postquit (Cameron, Reed, & Ninnemann, 2013) , (b) abstinence through 6 months postquit among smokers with and without schizophrenia (Steinberg et al., 2012) , and (c) abstinence through 1-year posttreatment follow-up in a general sample of smokers (Brandon et al., 2003) . Third, physical pain tolerance-indexed by thermal stress tolerance tasks such as the cold pressor task-has been less frequently assessed among smokers, but initial findings indicate it is lower among smokers versus nonsmokers (Bagot, Wu, Cavallo, & Krishnan-Sarin, 2017; Pulvers, Hood, Limas, & Thomas, 2012) and interacts with sex to predict pretreatment dropout among men (MacPherson, Stipelman, Duplinsky, Brown, & Lejuez, 2008) .
In contrast to behavioral measures, self-report measures of DT have traditionally measured tolerance of global DT, but have also recently indexed smoking-specific distress. Self-reported general DT-as indexed by measures such as the Distress Tolerance Scale and Distress Intolerance Index-is associated with longer smoking history as well as self-reported smoking characteristics of nicotine dependence, craving, negative reinforcement smoking motives, and internal barriers to cessation (Kraemer, McLeish, Jeffries, Avallone, & Luberto, 2013; Leyro, Bernstein, Vujanovic, McLeish, & Zvolensky, 2011; Trujillo et al., 2017) . General DT has been shown to indirectly relate to nicotine withdrawal symptoms, through its effect on anxious responding to a biobehavioral challenge (Farris, Zvolensky, Otto, & Leyro, 2015) . Low selfreported general DT also predicts increased smoke intake after a period of abstinence (Bold, Yoon, Chapman, & McCarthy, 2013; Perkins, Karelitz, Giedgowd, Conklin, & Sayette, 2010) , and was shown to interact with sex in predicting negative mood-induced smoking (Perkins, Giedgowd, Karelitz, Conklin, & Lerman, 2012) . Lastly, self-reported, smoking-specific DT-as indexed by the Intolerance for Smoking Abstinence Questionnaire-might be thought to have the strongest putative link to smoking cessation outcomes, as it specifically assesses perceived tolerance of distress caused by nicotine withdrawal. Self-reported, smoking-specific DT has been associated with greater nicotine dependence (Germeroth, Baker, & Saladin, 2018; Sirota et al., 2013; Sirota et al., 2010) , lower motivation to quit (Rohsenow et al., 2015; Sirota et al., 2010) , and fewer abstinent days during active treatment (Rohsenow et al., 2015) , but not with cue-elicited craving or smoking outcomes at 1-month follow-up (Germeroth et al., 2018) .
Taken together, the evidence for distress tolerance as a predictor of smoking cessation outcomes appears strongest for behavioral tasks, particularly those that index psychological DT. However, self-reported measures of DT have been developed more recently, and are quickly accumulating evidence of correlations with clinically relevant smoking variables such as dependence, smoking reinforcement, and motivation to quit. Further, prior studies that have incorporated both self-report and behavioral methods of assessment have supported a domain-general, self-report index of DT (i.e., the Distress Tolerance Scale) as the most robust predictor of laboratory-based smoking behavior and nicotine withdrawal symptoms (Bold et al., 2013; Farris et al., 2015; Perkins et al., 2012) . More studies are needed that evaluate DT across domain and method of assessment, particularly under conditions of smoking deprivation, which may reveal underlying individual differences in lapse/relapse vulnerability.
In the current laboratory-based study, we assessed DT across domain (i.e., respiratory distress, psychological distress, and physical pain) and method (i.e., self-reported and behavioral) among adult, daily cigarette smokers during acute withdrawal. As smokers with low DT are less likely to achieve smoking abstinence of even 24 hr (Brown et al., 2002) , we chose a 6-hr smoking deprivation period in order to induce acute withdrawal symptoms, though not being so long in duration as to preclude those who are lowest on DT from participating. We examined DT indices in relation to (a) smoking lapse behavior, (b) withdrawal processes (i.e., craving, negative affect, and positive affect), and (c) motivation to quit. We expected that those with low DT would have shorter latency to smoking, greater withdrawal severity, and lower motivation to quit. Given the lack of prior investigations that have directly compared behavioral and self-reported DT indices on smoking outcomes, we did not make a priori hypotheses as to whether or how these relationships would differ by DT index.
Method

Participants and Procedures
Eligible participants were females and males 18 to 65 years of age who smoked Ն10 cigarettes/day for at least 6 months and were able to read, write, and understand English. Eligible participants This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
also endorsed moderate or lower levels of smoking-specific distress tolerance, as indexed by mean score of Ն3 on six items with the highest factor loading on the Intolerance for Smoking Abstinence Discomfort Questionnaire-Withdrawal Intolerance subscale (IDQ-S-WI; Sirota et al., 2010) . This inclusion criterion was used to select study participants with an identifiable level of smokingspecific DT, allowing for variability to best assess relationships between DT and smoking variables. Callers were ineligible if they reported any of the following: (a) severe psychiatric disorder (schizophrenia or bipolar disorder); (b) medical contraindications to participating (last-year history of uncontrolled high blood pressure, heart disease, seizures, fainting, or stroke); (c) for women, currently pregnant, breast feeding, or likely to become pregnant; (d) current use of nicotine replacement therapy; or (e) regular use (Ն3 times over last month) of tobacco/nicotine products other than cigarettes, including e-cigarettes. Individuals interested in the study completed a brief prescreening questionnaire by phone. Those eligible during prescreening were scheduled for an in-person session to provide informed consent and make a full determination of eligibility. Smoking status was verified with an expired breath carbon monoxide (CO) reading of Ն10 parts-per-million (ppm). Those eligible at the first in-person session were scheduled for a second study session within next 2 weeks. Participants were instructed to smoke as normal prior to the first ("sated") session, and abstain from smoking for at least 6 hours prior to the second ("abstinent") session. Consistent with prior human laboratory based studies (Bailey, Goedeker, & Tiffany, 2010; Drobes & Tiffany, 1997) , the abstinence manipulation was verified by reduction in breath CO at Session 2. Eligible participants were required to demonstrate a CO value of either Ͻ10ppm or Ͻ50% of the Session 1 value, to account for heavy smokers for whom 6 hr of abstinence would be unlikely to meet the 10 ppm threshold.
At the first session, participants completed a battery of questionnaire measures of demographic and smoking-related characteristics, including withdrawal processes (e.g., craving, negative affect, and positive affect) and motivation to quit. At the second session, participants completed the self-report DT measures described below and were readministered measures of withdrawal processes. Behavioral DT tasks were then administered in counterbalanced order, aside from the cold pressor task, which was administered last due to possible carryover effects. Participants then completed the smoking lapse analogue task, followed by additional self-report questionnaire measures.
Data were collected at two academic medical centers in the Southeastern and Midwestern United States under identical procedures. Participants recruited at the Southeastern versus Midwestern study site had higher baseline CO values (30.8 vs. 16.7), t(104) ϭ 2.43, p Ͻ .02, and reported smoking a higher number of cigarettes per day (18.7 vs. 14.4), t(104) ϭ 2.43, p Ͻ .02. Chi-square tests revealed a difference in level of education by site, 2 (2, N ϭ 106) ϭ 9.56, p ϭ .008, with the largest proportion of participants in the Southeastern site being a high school graduate or less (47.7%), whereas the majority of participants at the Midwestern site reported some college (55.0%). There were no study site differences in other demographic or smoking-related characteristics. All study procedures were approved by the appropriate institutional review boards at both institutions.
Measures
Behavioral distress tolerance indices. Participants completed a total of four well-validated behavioral DT tasks. The outcome variable for each task is latency to termination (in seconds), with longer latency indicating greater DT. Participants rated current anxiety, irritability, and physical discomfort on a 0 to 100 scale at baseline and after completion of each task (Brown et al., 2002) .
To provide incentive for participants to perform tasks to the best of their ability (Brown et al., 2009) , we provided an additional $5 in compensation for those participants whose total latency time (summed over each of the four tasks) exceeded a "target score," based on the sum of average latency times for each task (12 min) published in previous studies (MacPherson et al., 2008; . Participants were not informed as to the exact latency time of this target score until they had completed the full task battery.
Paced Auditory Serial Addition Task (PASAT; . In this task, participants are asked to sum numbers sequentially as they appear on a computer screen. The task consists of three levels which increase in difficulty over time, with a final level of up to 10 min in duration. Participants are presented with the option to terminate the task at any time during the final task level, resulting in a potential range of 0 to 600 s to task termination.
Computerized Mirror-Tracing Persistence Task (MTPT-C; Strong et al., 2003).
The MTPT-C instructs participants to trace the mirror image of shapes on a computer. When the participant makes an error or pauses, the task restarts and a loud buzzing noise occurs. Similar to the PASAT, there are three rounds of the MTPT-C of increasing difficulty, and participants may discontinue at any time during the final level, yielding a potential range of 0 to 600 s.
Breath-holding task. Participants were instructed to hold their breath for as long as possible, while the duration of breath holding was recorded with a stopwatch. This procedure was conducted once, followed by a 60-s break, and then repeated. The longer duration within these two trials was used as the data point for discontinuation, consistent with previous investigations of tolerance of respiratory discomfort (Zvolensky, Feldner, Eifert, & Brown, 2001) .
Cold pressor task (Willoughby, Hailey, Mulkana, & Rowe, 2002). Last, participants were asked to submerge their nondominant hand in a container of water maintained at a temperature of 0°t o 2°C for as long as possible, with a maximum duration of 90 s.
Self-reported distress tolerance indices. In addition to behavioral indices, we administered two questionnaire measures of DT. Cronbach's alpha values below reflect internal consistency of each scale in the current sample.
Distress Intolerance Index (DII; McHugh & Otto, 2012). The DII is a 10-item self-report measure designed to assess the general inability to tolerate negative states. Items for the DII were derived from an analysis of commonly used self-report measures of DT including the Frustration Discomfort Scale (Harrington, 2005) , the Distress Tolerance Scale (Simons & Gaher, 2005) , and the Anxiety Sensitivity Index (Taylor et al., 2007) . This measure is intended to capture the strongest items from among these scales in order to best characterize the core construct of DT. Items are rated This document is copyrighted by the American Psychological Association or one of its allied publishers.
from 0 (very little) to 4 (very much) and are summed for a total score (␣ ϭ .85), with higher scores indicating lower DT.
Intolerance for Smoking Abstinence Discomfort Questionnaire (IDQ-S; Sirota et al., 2010).
The IDQ-S is a 17-item measure designed to assess intolerance of distressing symptoms of tobacco abstinence, and strategies to cope cognitively with withdrawal. We used the IDQ-S Withdrawal Intolerance subscale (12 items; ␣ ϭ .89) to index smoking-specific DT. Items are rated from 1 (strongly disagree) to 5 (strongly agree) and are averaged to yield a mean subscale score, with higher scores indicating lower DT.
Smoking lapse analogue task. Following completion of all assessments above, participants underwent a lapse analogue task, following standardized procedures and within a specially ventilated space (McKee, 2009; McKee, Krishnan-Sarin, Shi, Mase, & O'Malley, 2006; McKee et al., 2011) . Participants were presented with a cigarette of their preferred brand and an ashtray. Participants were instructed that they could choose to initiate smoking at any point over the 50-min task duration, but that for each 5 min they delayed smoking, they would earn $0.50, for a maximum possible payment of $5.00. They were informed that the payment would be made in cash at the completion of the assessment session. The time at which participants chose to smoke served as the primary dependent variable (range ϭ 0 -50 min). Dichotomous smoking choice (i.e., participants' decision to smoke in the lab at any point during the task) served as the secondary outcome.
Withdrawal processes. Measures of withdrawal processes were administered at each study session (i.e., while smoking as usual and following Ն6 hr of smoking abstinence). Cigarette craving was assessed with the Questionnaire of Smoking UrgesBrief (QSU-Brief; Cox, Tiffany, & Christen, 2001 ). Positive and negative affect were assessed with respective subscales of the Positive and Negative Affect Scale (PANAS; Watson, Clark, & Tellegen, 1988) .
Motivation to quit. A modified "readiness ladder" (Biener & Abrams, 1991) was used to assess motivation to quit at Session 1. Participants were asked to rate their interest in quitting smoking on a scale from 0 (I have no thoughts about quitting smoking) to 10 (I am taking action to quit smoking), with higher scores indicating greater motivation to quit.
Data Analyses
Univariate descriptive statistics and frequency distributions were calculated for all variables. Paired-sample t tests were used to compare smoking variables at Session 1 versus Session 2, as well as pre-and posttest distress ratings for each behavioral DT index, to evaluate task manipulations. Cohen's d values were computed as measures of effect size for within-subjects comparisons (Cohen, 1988; Morris & DeShon, 2002) . We also examined intercorrelations among mean behavioral and self-report DT indices.
Next, Cox proportional hazards models were used to examine DT indices as predictors of risk of initiating smoking during the lapse analogue task. Separate models were constructed for each DT index. In order to maximize participant-level variability, psychological DT was indexed by a participant-level total score of task latency on the MTPT-C and PASAT. Other behavioral (BH and CP) and self-reported DT measures (DII and IDQ-S-WI) were examined as independent predictors in separate models. We then ran a series of univariate logistic regression models to examine each DT index as a predictor of the secondary outcome of smoking choice (i.e., choice to smoke at any point during the lapse analogue task). Last, we ran a series of univariate linear regression models examining DT indices as predictors of each continuous outcome. For withdrawal process outcomes (craving, negative affect, and positive affect), each model tested DT index as a predictor of Session 2 assessments, after covarying for the respective value at Session 1, in order to examine abstinence-induced effects on these outcomes. All models were run adjusting for study site, cigarettes per day, and sex. Analyses were performed using IBM SPSS software, Version 24. Significance for all models was set at ␣ ϭ .05 for two-tailed tests.
Results
Demographic and Smoking-Related Characteristics
As shown in Table 1 , a majority of the 106 participants were male and middle-aged, with participants balanced by racial/ethnicity group. Participants smoked an average of 18.7 cigarettes per day and reported moderate levels of nicotine dependence.
Manipulation Checks
As expected, participants' breath CO values were significantly reduced from Session 1 to Session 2 (see Table 2 ), and selfreported time since last cigarette indicated that participants were adherent to the abstinence manipulation at Session 2. Paired sample t tests indicated a large increase in participants' average craving from Session 1 to Session 2 (p Ͻ .001), small reduction in positive affect (p ϭ .01), and no change in negative affect (p ϭ a Seven participants chose not to report household income. This document is copyrighted by the American Psychological Association or one of its allied publishers.
.87). Thus, the abstinence condition for Session 2 appears to have produced the expected effects. Paired sample t tests indicated that psychological distress (mean of anxiety and irritability ratings) was increased following the MTPT-C (d ϭ Ϫ.65, p Ͻ .001), PASAT (d ϭ Ϫ.40, p Ͻ .001), and cold pressor tasks (d ϭ Ϫ.28, p ϭ .007), but not the breathholding task. Only the cold pressor task was associated with increased physical discomfort (d ϭ Ϫ.89, p Ͻ .001), while the breath-holding task, MTPT-C, and PASAT were not (ps Ͼ .25).
Distress Tolerance Indices
As shown in Table 3 , DT indices showed different patterns of intercorrelations by assessment method. Among behavioral indices, the MTPT-C shared about 7% of variance with the PASAT and the cold pressor task (r 2 ), whereas breath-holding was unrelated to other tasks. Among self-report measures, smoking-specific distress tolerance (IDQ-S-WI) shared 16% of variance with general distress tolerance (DII). Consistent with prior studies (Kiselica et al., 2015; Sirota et al., 2013) , measures were weakly correlated across assessment method (rs ranged from Ϫ.19 to .15), indicating that behavioral and self-report indices assess distinct facets of DT.
A total of 64 participants (60.4%) reached maximum value for time to discontinuation on the PASAT, whereas 52 (49.1%) reached maximum value on the MTPT-C, and 18 (17.1%) reached maximum value on the cold pressor task. Approximately 38% of participants (n ϭ 38) reached maximum duration on both psychological DT tasks, and 12 participants (11.3%) reached maximum duration for all three tasks.
Associations Between Distress Tolerance Indices and Smoking Outcomes
Smoking lapse behavior. Two-thirds of the sample (n ϭ 70, 66%) completed the full 50-min length of the smoking lapse task, and were thus considered censored cases in Cox proportional hazards models. Among the 36 participants who discontinued the task prior to task completion, mean latency time was 15.3 min (SD ϭ 10.0 min). Neither the behavioral nor the self-reported DT indices were associated with smoking latency (all ps Ͼ .25).
We secondarily assessed DT indices as predictors of smoking choice. A total of 67 participants (63%) chose to smoke in the lab (either during lapse task or immediately following), while 39 participants (37%) declined. Logistic regression models indicated that only Cold Pressor task latency was negatively associated with smoking choice (OR ϭ .98, CI [0.96 -0.99], p ϭ .001), with each 10 second increase in task persistence associated with 26% decrease in odds of smoking in the lab. None of the other DT indices were associated with smoking choice (all ps Ͼ .08). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Withdrawal processes. As shown in Table 4 , DT indices had distinct patterns of association with abstinence-induced changes in withdrawal processes. Behavioral DT indices were not associated with any of the three withdrawal process measures (all ps Ͼ .19). Only the smoking-specific self-report DT measure was associated with QSU score, accounting for 22.5% of variance. Both selfreport DT measures were positively associated with PANAS-NA, with DII accounting for 14.6% of variance while IDQ-S-WI accounted for 15.3%. Neither measure was associated with PANAS-PA.
Motivation to quit. Overall, participants reported a moderate level of motivation to quit (M ϭ 5.7 on a 10-point scale). No other self-reported or behavioral DT indices were associated with motivation to quit (all ps Ͼ .08).
Discussion
Although distress tolerance is highly relevant to the cessation process, few studies have conducted a rigorous, multimethod assessment of DT and smoking in the context of acute abstinence. Consistent with prior investigations, our laboratory-based study found low intercorrelations between behavioral DT in three domains-respiratory distress, psychological distress, and physical pain-and selfreported tolerance of general and smoking-specific distress. We found that tolerance of physical pain was uniquely associated with smoking choice, but none of the DT indices were associated with motivation to quit. Both self-report measures (DII and IDQ-S-WI) were associated with abstinence-induced negative affect, while only smoking-specific DT was related to abstinence-induced craving. Results suggest that DT indices differ meaningfully in their association with smoking variables; while low perceived DT was linked to greater experience of craving and negative affect, only behavioral tolerance of physical distress was related to actual smoking choice.
Our findings add to a growing literature on relations between distress tolerance domains and smoking behavior. Of the four behavioral DT tasks administered, we found only the Cold Pressor task to predict smoking choice in the laboratory. This task was shown to exert a large effect on perceived physical discomfort, increasing confidence that it indexes the specific ability to withstand physical pain. Low DT in this domain may reflect a vulnerability that maintains smoking and undermines cessation success, although further validation is needed, ideally with assessment of real-world smoking lapse and relapse outcomes. To date, fewer studies have examined relations of smoking variables with persistence on the Cold Pressor task than with Breath-Holding, MTPT-C, and PASAT (see Leventhal & Zvolensky, 2015 for review). However, pain and smoking are highly comorbid (Ditre, Brandon, Zale, & Meagher, 2011) , and a growing literature addresses pain in relation to potential maintaining factors for cigarette smoking, including initial relations with self-reported DT among young adults (Rogers, Bakhshaie, Mayorga, Ditre, & Zvolensky, 2018) . Greater integration of the literatures on distress tolerance and pain experience/severity could yield important insights into potential interaction effects on smoking outcomes.
Although breath holding duration has predicted smoking lapse and relapse outcomes in some prior investigations (Hajek et al., 1987; Kahler et al., 2013) , others report null findings with this predictor in both cessation (Cameron et al., 2013; Steinberg et al., 2012) and laboratory-based studies (Bold et al., 2013) , consistent with current findings. Other studies have created a composite measure of respiratory DT, based on both breath-holding and carbon dioxide-enriched air tolerance task duration, to improve measurement properties (Abrantes et al., 2008; Brown et al., 2009 ). Breath-holding was not associated with increased selfreported distress in our sample, and thus may have been insufficiently challenging to truly index respiratory distress, relative to other challenge tasks (e.g., carbon dioxide-enriched air tolerance, voluntary hyperventilation). It is also possible that breath-holding ability was confounded by other smoking-related health characteristics, such as lung function or aerobic condition, though a prior investigation has supported the association between breath-holding and DT after adjusting for physical health problems (Hogan, Farris, Brandt, Schmidt, & Zvolensky, 2015) .
We found 50% to 60% of participants to reach maximum duration on the MTPT-C and PASAT, limiting the variability of these psychological DT measures in our sample. Participants commonly "max out" on tasks of psychological DT (i.e., Abrantes et al., 2008; Daughters et al., 2009; Kiselica et al., 2015; Sirota et al., 2013) , resulting in clear ceiling effects. Further, although the MTPT-C and PASAT were each associated with moderate increases in average self-reported distress, there may have been variability at the individual level, with not all participants experiencing the tasks as distressing. A prior mixed methods study that asked participants to narratively describe why they discontinued the two tasks found that perceived distress (i.e., "to escape discomfort") was cited as a reason by 52% of participants on the MTPT-C and 58% of participants on the PASAT (Ameral, Palm Reed, Cameron, & Armstrong, 2014) . Tasks that explicitly assess participant-level psychological distress before measuring task persistence, such as the newly developed Emotional Image Tolerance task (Veilleux, Pollert, Zielinski, Shaver, & Hill, 2017) , may address this issue and improve on the measurement sensitivity of psychological DT. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Both self-reported general and smoking-specific measures of DT were associated with negative affect during acute abstinence, consistent with prior studies (Abrantes et al., 2008; Leyro et al., 2011; Sirota et al., 2010) . It is intuitive that participants who perceive a low capacity to tolerate distress should also perceive higher negative affect following smoking deprivation. Neither measure was associated with smoking lapse or choice in our study. A prior investigation similarly found no direct effect of a related cognitive vulnerability factor, anxiety sensitivity, on smoking lapse (Zvolensky, Farris, Guillot, & Leventhal, 2014) . Instead, this effect was mediated by abstinence-induced increases in withdrawal and craving. Unlike behavioral DT measures, which assess actual persistence in the face of a stressful stimulus, self-report DT measures fundamentally assess tolerance of distress in general. Thus, they may need to be examined in interaction with situational challenges (i.e., smoking deprivation or stress manipulations) in order to effectively model their effects on proximal smoking outcomes.
Together with other evaluations of DT and smoking variables (Rohsenow et al., 2015; Sirota et al., 2010 Sirota et al., , 2013 , our findings provide partial support for domain specificity of DT, with a unique association between smoking-specific DT and abstinence-induced craving. Our findings differ from Germeroth and colleagues, who found that the IDQ-S failed to predict cue-elicited craving following overnight abstinence (Germeroth et al., 2018) . Discrepancies may be due in part to sample differences; while Germeroth and colleagues reported on treatment-seeking smokers recruited for a randomized clinical trial, we recruited smokers across a range of motivation to quit to participate in a nontreatment study. In order to resolve discrepant findings to date on this relatively new measure, studies on smoking-specific DT as a prospective predictor of real-world craving and cessation outcomes are needed.
As DT is a promising target for behavioral intervention, our findings have important clinical implications. Many behavioral interventions incorporate treatment strategies explicitly addressing DT, including dialectical behavior therapy (Linehan, 1993; Linehan et al., 1999) , Acceptance and Commitment Therapy (Hayes, Strosahl, & Wilson, 1999) , and Mindfulness-Based Relapse Prevention (Bowen, Chawla, & Marlatt, 2011) . Several recent investigations have demonstrated feasibility and acceptability as well as preliminary efficacy of DT-focused interventions on smoking cessation outcomes (Bloom et al., 2017 , Brown et al., 2009 , 2013 Farris et al., 2016) , although also see Brown et al., 2018 . Our findings suggest that treatment targeting the tolerance of physical discomfort may be important in achieving initial smoking abstinence. Further, as perceived smoking-specific DT is associated with negative affect and craving following smoking deprivation, addressing this aspect of DT could help smokers to increase their confidence to cope with affective distress in the initial days and weeks of a quit attempt, and in turn foster successful cessation.
Regarding specific treatment strategies, smoking reduction is an effective, long-standing intervention to promote cessation in smokers unwilling to quit (Asfar, Ebbert, Klesges, & Relyea, 2011; Hughes & Carpenter, 2005; Wu, Sun, He, & Zeng, 2015) . Framing this intervention as a means of not only reducing nicotine dependence, but building distress tolerance ability, represents a potentially novel approach. Further, practice quit attempts are often an element of multicomponent, DI-focused interventions for smoking cessation (e.g., Brown et al., 2018; Farris et al., 2016) and preliminary evidence shows that periods of brief withdrawal exposure prior to a quit attempt can promote smoking abstinence, increase latency to lapse, and prevent progression from first lapse to relapse (Hendricks et al., 2016; McCarthy, Bold, Minami, & Yeh, 2016) . Examining the independent contribution of practice quit attempts to both increases in behavioral DT and downstream smoking cessation outcomes is an important direction for future research.
The current study used a validated lapse analogue procedure as a proxy for lapse events following a quit attempt (McKee, 2009; McKee et al., 2006 McKee et al., , 2011 . Importantly, we administered only the lapse portion of the task, which precludes our ability to examine relapse behavior in the context of an ad libitum smoking period. In our sample, we observed a marked ceiling effect in which two thirds of participants reached maximum task duration, and thus we assessed smoking choice as a secondary outcome. Other investigations have similarly noted non-normal distribution of latency outcomes on this task Reitzel & Leventhal, 2014; Roche et al., 2014; Wilson et al., 2014) . Taken together, results may indicate the need for establishing sample-specific incentive amounts on the lapse analogue task to ensure variability in smoking lapse task performance. Alternatively, future studies may opt to use a more naturalistic, real-world measures of smoking lapse, such as a 7-day abstinence incentive task (Sweitzer, Denlinger, & Donny, 2013) . Because the initial days following a quit attempt are critical in predicting ultimate success (Ashare, Wileyto, Perkins, & Schnoll, 2013) , monitoring smoking status in this period represents a promising strategy for screening novel intervention strategies. This is approach is particularly well-suited to treatment strategies targeting DT, which are expected to exert most effects in the immediate postquit period, when withdrawal symptoms are most severe.
Strengths of the study include use of a rigorous laboratory-based research design and comprehensive assessment of distress tolerance across assessment method and domain. We were limited by reliance on a single item, though still validated, measure of motivation to quit smoking. The current study assessed DT only at a single timepoint during acute nicotine dependence, which precluded our ability to examine within-subject differences in DT by smoking state. As prior findings have shown that behavioral DT is lower during smoking abstinence versus satiation (Bernstein, Trafton, Ilgen, & Zvolensky, 2008; Cosci, Anna Aldi, & Nardi, 2015) , studies that comprehensively evaluate the context-dependent expression of DT across measures, perhaps through a counterbalanced design, are needed. We did not assess personal context variables, such as visuospatial or problem solving abilities, which may have influenced participants' experience of subjective distress across DT tasks. Lastly, the current study did not include a full diagnostic assessment of psychiatric conditions, and excluded those who reported a history of Bipolar Disorder or Schizophrenia. As DT is implicated in the etiology of various other psychological and substance use disorders (Brooks Holliday, Pedersen, & Leventhal, 2016; Leyro et al., 2010; Vujanovic, Rathnayaka, Amador, & Schmitz, 2016) which are increasingly overrepresented among smokers (Cook et al., 2014) , examination of how DT impacts smoking outcomes within these psychiatric populations is another important direction for future research.
In summary, distress tolerance was differentially associated with smoking variables by method of assessment and domain of distress examined. Both self-report distress tolerance measures were assoThis document is copyrighted by the American Psychological Association or one of its allied publishers.
ciated with craving and negative affect following smoking deprivation; however, only smoking-specific distress tolerance was associated with abstinence-induced craving. Behavioral tolerance of physical pain was uniquely related to lower smoking choice. Results underscore the potential utility of perceived tolerance of nicotine withdrawal, as well as tolerance of physical discomfort, as treatment targets in smoking cessation interventions.
